Abstract Many consumers around the world, including Malaysians, have turned to bottled water as their main source of drinking water. The aim of this study is to determine the physical and chemical properties of bottled water samples sold in Selangor, Malaysia. A total of 20 bottled water brands consisting of 'natural mineral (NM)' and 'packaged drinking (PD)' types were randomly collected and analyzed for their physical-chemical characteristics: hydrogen ion concentration (pH), electrical conductivity (EC) and total dissolved solids (TDS), selected major ions: calcium (Ca), potassium (K), magnesium (Mg) and sodium (Na), and minor trace constituents: copper (Cu) and zinc (Zn) to ascertain their suitability for human consumption. The results obtained were compared with guideline values recommended by World Health Organization (WHO) and Malaysian Ministry of Health (MMOH), respectively. It was found that all bottled water samples were in accordance with the guidelines set by WHO and MMOH except for one sample (D3) which was below the pH limit of 6.5. Both NM and PD bottled water were dominated by Na ? K [ Ca [ Mg. Low values for EC and TDS in the bottled water samples showed that water was deficient in essential elements, likely an indication that these were removed by water treatment. Minerals like major ions were present in very low concentrations which could pose a risk to individuals who consume this water on a regular basis. Generally, the overall quality of the supplied bottled water was in accordance to standards and guidelines set by WHO and MMOH and safe for consumption.
Introduction
For the past three decades, bottled water consumption has been increasing steadily (Ferrier 2001) . In the year 2006 alone, 115 billion liters of bottled water was sold globally and by 2011, the market is forecasted to have a volume of 174 billion liters, which is an increase of 51 % from 2006 (King 2008) . The huge increase in demand has resulted in the bottled water industry being one of the most dynamic sectors in the food and beverage industries (Rajasekaran 2009 ). Many consumers worldwide have turned to bottled water as their main source of water drinking consumption. According to a consumer advocacy group, Food and Water Watch (2007) , bottled water generally costs about 2,000 times more than tap water. However, even after this astronomical inflation, consumers still insist on purchasing bottled water as it is regarded as cleaner, tastier and healthier when compared to tap water. Safety and potential health benefits from bottled water are also important considerations (Ward et al. 2009 ). The seemingly lucrative business of selling water has caused the emergence of many new companies in the bottled water industry of Malaysia as well as an infiltration to our market by the soda company giants such as Coca Cola with their bottled water, Dasani. Local bottled water companies like Spritzer have also observed a considerable boost in sales (Spritzer Annual Report 2009) . Consequently, hypermarkets today can be seen dedicating numerous shelves for displaying different varieties of bottled water from all kinds of brands. Such action can be said to reflect once again on the ever increasing demand for bottled water by the public.
Malaysians in general have also started to adopt to the trend of paying for bottled water. This is proven with the fact that Malaysia's bottled water consumption has ballooned from 138 million liters in the year 1998 to a preliminary value of 288 million liters in 2004 (World Water Data 2004) . When asked, a large number of consumers revealed that they are often sensitive to the taste of chemicals, particularly chlorine, which is widely used to purify tap water (Ferrier 2001) . The esthetics of the water is especially the concern of the consumers rather than the contents (Chiarenzelli and Pominville 2008) . In addition, the quality of Malaysian tap water is also questionable (MMOH 2009a, b) as several cases of bacterial contamination have been reported in the past. These could be the reasons for the growing number of Malaysians turning to bottled water as their primary drinking water source. Basically, there are two types of bottled water in the Malaysian market, namely natural mineral (NM) and packaged drinking (PD) water samples. They can be distinguished by looking at the bottle cap. Natural mineral water bottles are given a colored cap, usually blue or green, whereas packaged drinking water samples are given white caps. NM water is microbiologically wholesome water originating from an underground water table or deposit and emerging from a spring where it is tapped (Devi and Premkumar 2012) . On the other hand, PD water or purified water is produced by carrying out reverse osmosis, distillation, deionization, or other suitable processes on water sourced from rivers, lakes or underground springs (IBWA 2000) .
In this study, the main objective was to examine 20 brands of bottled water samples available at different retail shops in Selangor for their physical and chemical characteristics in terms of hydrogen ion concentration (pH), electrical conductivity (EC), total dissolved solids (TDS), calcium (Ca), potassium (K), magnesium (Mg), sodium (Na), copper (Cu) and zinc (Zn). The results were then compared with guidelines prescribed by the World Health Organization (WHO 2008) and the Malaysia's Ministry of Health (MMOH 2009a, b) to ascertain their suitability for human consumption as drinking water. These guidelines and standards are set for physical parameters, chemical constituents and microorganisms that could pose a threat to human health (Güler 2007) , however, some limits are set according to esthetic qualities as well (WHO 2008) .
Materials and methods

Collection of samples
A total of 20 brands of commercially available bottled water consisting of natural mineral and packaged drinking types were purchased randomly from three different supermarket stores in Selangor State, Malaysia between November and December 2010. To keep the brand names anonymous, the samples were given code names and this convention is used throughout the study. All brands were sold in 300, 500, 600 and 1,500 ml plastic bottles and are sealed with plastic screw caps. The water bottles obtained were from the same production year. As most consumers purchase bottled water from supermarket shelves these sources were preferred for analysis. The classification of the samples is illustrated in Table 1 while the origin for natural mineral bottled water is shown in Fig. 1 .
Analytical procedures
The experimental analyses for the samples were done following standard analytical methods for the examination of water and wastewater (APHA 1998). All plastic and glassware used were first acid washed with 5 % nitric acid (HNO 3 ) for at least 24 h and rinsed thoroughly with deionized water prior to use. Water samples were divided into acidified and non-acidified subsamples. The nonacidified samples were analyzed for hydrogen ion concentration (pH), electrical conductivity (EC) and total dissolved solids (TDS) using YSI multi-parameter. On the other hand, samples to be acidified were first filtered through a 0.45 lm Whatman glass fiber filter paper. The filtrates were then acidified with concentrated HNO 3 in order to adjust the pH of the samples to pH 2. The batch of acidified samples was then preserved at 4°C prior to analysis. ), sodium (Na ? ) were analyzed using Inductive Couple Plasma Mass Spectrometry (ICP-MS, Perkin Elmer ELAN DRC-e). In order to maintain the detection precision, external standard solutions were used as a reference for every 10 samples determined. A mean value was calculated for each metal analyzed with the standard deviation (SD) being used as an indicator of the precision of each metal measured in triplicate.
Statistical analysis
A one-way analysis of variance (ANOVA) procedure was applied to the analytical data obtained to determine any significant differences among the elemental concentration of the bottled water samples analyzed. The parameters considered were pH, EC, TDS, Ca, K, Mg, Na, Cu and Zn. A one-way ANOVA was also used to identify if there were any significant differences between natural mineral (NM) and packaged drinking (PD) bottled water. Pearson correlation analysis was also conducted to analyze the relationship between each parameters analyzed in the bottled water samples.
Results and discussion
The chemical composition of natural water depends on many factors which includes chemistry of atmospheric precipitation, mineralogy of the rocks encountered along the flow path, residence time of the surface or groundwater, topography and climate (Güler et al. 2002; Mokthar et al. 2009a ). Hence, each bottled water brand has its own physical characteristics and chemical properties that are defined by a unique combination of these factors. In this study, the physicochemical composition of 20 bottled water samples including natural mineral water (NM) and packaged drinking water (PD) types were characterized and the results are presented in Tables 2 and 3 . The standard deviation, mean, and maximum and minimum values were obtained and Appl Water Sci (2013) 3:67-75 69 presented in Tables 2 and 3 . In addition to that all the elements among the bottled water samples were statistically analyzed using a one-way ANOVA at 95 % confidence level. The results have shown that all parameters and elements between samples were significantly different (p \ 0.05) except for the trace element zinc (p [ 0.05).
Hydrogen ion concentration
Results showed that bottled water samples are very different in character and display a wide range of parameter values. The hydrogen ion concentration (pH) for natural mineral (NM) bottled water ranges from 6.79 to 7.57 and has an Fig. 1 Sources of the analyzed natural mineral bottled water average value of 7.33. These values are considerably higher than that of packaged drinking (PD) bottled water samples which ranged from pH 6.49 to pH 7.52 and averaged 6.84. A one-way ANOVA has proven that there was a significant difference (p \ 0.05) between the two types of bottled water at 95 % confidence level as shown in Table 4 . Basically, pH is determined by the amount of dissolved carbon dioxide which forms carbonic acid in water by the reaction H 2 O ? CO 2 = H ? ? HCO 3-. A possible explanation is that NM bottled water has around 13 times higher mean in calcium (Ca) concentrations than PD bottled water (Tables 2, 3 ). High calcium content tends to raise pH toward 8.3 in non-carbonated water (Appelo and Postma 1994) . The geographical condition of the natural mineral water sources also contribute to the high pH where the dissolution occurred in the basin effecting the hydrogen ion concentration of the obtained water (Chiarenzelli and Pominville 2008) .
Electrical conductivity
Electrical conductivity (EC) values ranged from 0.181 to 0.375 milli-Siemens per centimeter (mS/cm) with an Trivedi and Goel (1986) , EC is reflective of dissolved mineral solids. Usually a higher EC value would indicate the presence of higher content of dissolved solids in the water (Abdullah et al. 2007) . In this study, it has been shown that EC and TDS had a very strong correlation (r = 1.00) as described in Table 5 . However, a sample from PD bottled water, D9, is an exception since the water is sourced from groundwater in addition to the treatment process which is filtration. Unlike the other processes such as reverse osmosis (RO) and distillation underwent by the other PD bottled water samples, the filtration process is less effective in removing dissolved solids (APEC 2000).
Total dissolved solids
The total dissolved solids (TDS) for natural mineral (NM) bottled water ranges from 127 to 259 mg/l. While the TDS for packaged drinking (PD) bottled water ranges from 1 to 134 mg/l. The mean values of TDS for NM and PD bottled water are 167.20 and 17 mg/l, respectively. Generally, TDS consists of inorganic salts like calcium, potassium, magnesium, sodium, bicarbonates, sulfates, chloride and also small amounts of organic matter that are dissolved in water. TDS and calcium also showed a very strong correlation where the r = 0.989 and the same correlation of TDS to magnesium which is r = 0.909 in this study was found (Table 5) . Therefore, it is expected for NM bottled water to have a higher mean for both EC and TDS when compared to that of PD bottled water since the source of NM water is principally groundwater. However, concentrations of TDS in water may vary to a large extent in different geological regions depending on the solubility of minerals (Chiarenzelli and Pominville 2008; WHO 2008; Mokthar et al. 2009a) . In this study, TDS was found to be significantly different (p \ 0.05) between bottled water types (Table 4) . However, among PD bottled water, sample D9 depicts a different trend by having a significantly higher value compared to other PD bottled water. This is because the water source for D9 is actually groundwater and not water from tap. Furthermore, sample D9 was treated by filtration as discussed above (APEC 2000) .
Major ions
The concentration ranges for selected major ions in NM bottled water were (in lg/l): 4,440-10,700 for calcium; 1,320-4,440 for potassium; 1,070-8,830 for magnesium and 1,100-65,100 for sodium. PD bottled water have lower range, which was (in lg/l): 10.2-3,880 for calcium; 8.24-748 for potassium; 18.8-2,900 for magnesium and 126-3,110 for sodium. The overall mean for the selected major ions (calcium, potassium, magnesium and sodium) for NM bottled water is far above that of PD bottled water. The major ions in NM bottled water and PD bottled water each showed significant differences (p \ 0.05) ( Table 4) . This is due to two factors which are the source of water and the type of treatment undergone. NM bottled water is sourced fully from groundwater which is known and accepted to have higher concentrations of the said selected major ions (IBWA 2000) . The mineral rocks have contributed ion into the water causing the NM water to have high minerals (Mokthar et al. 2009a) . Water has to undergo certain suitable processes, commonly reverse osmosis, filtration or distillation before it can be labeled as PD bottled water (IBWA 2000) . However, water treatments will directly or indirectly cause the removal of the cations such as calcium, magnesium, potassium and sodium to a certain degree. The values for calcium, magnesium and sodium of D9 are consistently higher than other PD bottled water samples, which are relatively low. This is because among PD bottled water, D3, D6, D7 and D9 utilized groundwater as a source. However, unlike the other three (D3, D6, D7) which carried out distillation on their products, D9 underwent the process of filtration. According to APEC (2000) the process of filtration is less effective in removing dissolved particles or solids which are smaller than the pore size of the filter. A ternary diagram of cation distribution can be seen in Fig. 2 . The major cation chemistry for both NM and PD bottled water samples were dominated by Na ? K [ Ca [ Mg (Fig. 2) . Based on Alloway (1995) , those elements are plentiful in the environment and make up over 30 % of the total element content of the Earth's crust. The mean distribution of major ions by percentage is individually addressed in Fig. 3 according to the type of bottled water. Concentration of copper is at its highest in sample M9 (1.71 lg/l) followed by sample M10 (1.28 lg/l). A closer examination on the bottled water labels indicate that M9 and M10 were from the same source (Table 1) . This shows that groundwater from Kota Tinggi, Johor are naturally higher in copper concentrations than other water source locations. In the case of zinc, there were no significant differences among the bottled water types (p [ 0.05). This suggests that the concentration of zinc was not affected by the location or the type of treatments that were imposed on the bottled water. The groundwater which was sourced from Taiping, Perak, generally had higher concentration of the selected major ions (Ca, K, Mg, Na) compared to other locations.
Water quality assessment
Results obtained were evaluated in terms of suitability of the selected bottled water samples for human consumption. Hydrochemical parameters of natural mineral (NM) and packaged drinking (PD) bottled water in this study are compared with the prescribed guidelines of World Health Organization (WHO 2008) and the Malaysian Ministry of Health standards for drinking water quality (MMOH 2009a, b) . Table 6 illustrates the results for the measured parameters and guideline values recommended by WHO (2008) and MMOH (2009a, b) .
All the samples tested were below the suggested guidelines but a closer examination of major ion composition data for the samples (Table 6 ) reveals that concentrations for most of the major ions are considerably below the applicable standards. Both EC and TDS values indicate the deficiency of minerals in the Malaysian NM bottled water and also the extreme demineralization of Malaysian PD bottled water. Previous studies have shown that longterm consumption of water low in minerals such as calcium and magnesium do in fact pose a number of health risks. Both calcium and magnesium play important roles in the human dietary needs (Beers and Berkow 1997) . Calcium and magnesium are vital nutrients in the human body (Chiarenzelli and Pominville 2008) . Besides having beneficial effects on the human bone structure, calcium and magnesium are linked to the reduced frequency of heart diseases and osteoporosis, respectively (Garzon and Eisenberg 1998) . Consuming water with low concentrations of minerals such as calcium and magnesium is also harmful for the body because water low in mineral content could lead to depletion of one's supply of essential nutrients (Mahajan et al. 2006) . A study in Consumer Research (1991) revealed that people drinking such treated water excrete significant amounts of calcium, magnesium and other trace minerals in urine (Mahajan et al. 2006) . In another experiment, human volunteers consuming water with low mineral contents (e.g. TDS \100 mg/l) evaluated by researchers for the WHO report (1980) have shown an increased diuresis (almost by 20 %, on average), decreased serum potassium concentration and increased elimination of calcium, magnesium, potassium, chloride and sodium ions from the body. Low-mineral water acts as osmoreceptors causing a net flow of minerals from erythrocytes (red blood cells) into the plasma and between intracellular and interstitial fluids. This further confirms the loss of minerals from one's body due to the consumption of lowmineral water. Therefore, if consumers were to rely on the mineral-deficient brands of water for long periods of time, essential minerals such as calcium, potassium, magnesium and sodium will leach out from the body (Mahajan et al. 2006) . The concentration of the heavy metals copper and zinc in the NM bottled water and PD bottled water are lower than that of the guidelines of the WHO (2008) and MMOH (2009a, b) (Table 5 ). Copper and zinc are essential trace elements that are crucial to human health. Both copper and zinc are often linked to the improvement of the human immunity and cellular functions, respectively (Institute of Medicine 2001; Mahajan et al. 2006) . Although copper and zinc are required in the human body, excessive intake can be harmful. Surplus intake of copper may lead to nausea, vomiting and abdominal and muscle pain (WHO 1996) while the overconsumption of zinc may lead to nausea, vomiting, epigastric pain, lethargy, and fatigue (Fosmire 1990 ).
Conclusion
In this study, concentration of ions of 20 bottled water brands currently sold in the Malaysian market was determined. The chemical characteristics which involves physical parameters, major ion constituents and trace elements of the brands studied were extremely variable, depending on factors such as the natural environment (geological setting, climate and topography), source water composition, activities in the nearby water source, the piping systems which distribute or transport the water and type of treatment/purification techniques applied during the production (Mokthar et al. 2009b) . Additional changes in the water chemistry may also occur during transportation and storage, especially when bottles are exposed to direct sunlight or kept in the shelves for a certain amount of time.
The location of the water source has been found to play an important role in determining the water quality of bottled water samples. Groundwater sourced from Taiping, Perak, were found to have higher concentration of the selected major ions (Ca, K, Mg, Na) compared to other locations. Whereas water sourced from Kota Tinggi, Johor, were found to contain higher levels of copper. For the distribution of the selected major ions, both natural mineral (NM) and packaged drinking (PD) bottled water were dominated by Na ? K [ Ca [ Mg.
A closer look at the physicochemical qualities of the water has led to the conclusion that though bottled water is regarded as safe and healthy, they should be consumed with care especially if bottled water is the sole source of NM natural mineral, PD packaged drinking, NA no available standard water used for drinking purposes. Most of the brands tested, especially for PDW bottled water, were over-treated and were deficient in essential minerals. Extremely low values of EC and TDS showed that the sampled bottled water was deficient in essential minerals. Minerals like calcium, magnesium and potassium were present in some cases in such a low concentration that water seemed to be as good as distilled water. As for trace elements such as copper and zinc, all samples had amounts below the limits recommended by WHO (2008) and MMOH (2009a, b) and therefore safe to be consumed. Data presented in this study are important because they can be considered as a baseline data for future reference. Further knowledge and understanding of bottled water including anions are necessary in the next step of this study. Lastly, a research on the presence of other chemicals, especially the potentially carcinogenic (e.g. trihalomethanes) or hormone-mimicking substances (bisphenol-A and nonylphenols) is required to ensure the safety of bottled water in Malaysia.
